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Abstract.  
Integration of library data into the Linked Data environment is a key issue in li-
braries and is approached on the basis of interoperability between library data 
conceptual models. Achieving interoperability for different representations of 
the same or related entities between the library and cultural heritage domains 
shall enhance rich bibliographic data reusability and support the development of 
new data-driven information services. This paper aims to contribute to the de-
sired interoperability by attempting to map core semantic paths between the 
BIBFRAME and EDM conceptual models. BIBFRAME is developed by the 
Library of Congress to support transformation of legacy library data in MARC 
format into linked data. EDM is the model developed for and used in the Euro-
peana Cultural Heritage aggregation portal. 
Keywords: Conceptual models, linked data, interoperability, path-oriented 
mapping, data integration, BIBFRAME, EDM  
1 Introduction 
The advent of the Internet and the World Wide Web emerged powerful tools and 
possibilities for the development of new, added value information services by muse-
ums, libraries and archives. Metadata harvesting and aggregation, as well as linked 
data technologies enforce a shift towards data and data-driven services that enhance 
the visibility and impact of memory institutions’ collections to research, teaching and 
learning. Aggregation and harvesting presuppose interoperability and therefore there 
is the apparent need that metadata (i) are expressed by common vocabularies and (ii) 
their semantics are harmonized with shared and commonly accepted conceptual mod-
els. 
This paper focuses on libraries and investigates the integration of their data with 
third party services and their reuse in new contexts. One of the obstacles for integrat-
ing library data into the semantic web and publishing them as Linked Data is the ex-
istence of different conceptual models and vocabularies. The most well known con-
ceptual models in the library linked data domain are FRBR [1], FRBRoo [2] and 
BIBFRAME [3]. 
Newly-developed aggregation services in the cultural heritage (CH) domain collect 
metadata regarding cultural heritage objects (CHOs) from libraries and other memory 
institutions aspiring to provide a point of access to CH information and advanced 
research supporting services. Two aggregator efforts are in progress in Europe and 
North America, that of Europeana (http://www.europeana.eu/) and the Digital Public 
Library of America – DPLA (http://dp.la/). Europeana focuses on European CHOs, 
while DPLA is oriented to the United States of America. Both projects have devel-
oped data models to enable proper harvesting of metadata from a variety of data pro-
viders. Europeana provides the Europeana Data model (EDM) [4] and DPLA pro-
vides the DPLA Metadata Application Profile [5], which is also based on EDM.  
BIBFRAME is the new library data model that the Library of Congress currently 
develops within the framework of “modeling the MARC 21 format as a Web of Data” 
[3, 7]. The Europeana Data Model (EDM) describes the digitized CHOs that the Eu-
ropeana portal aggregates from European Libraries and other cultural institutions. 
This paper extends previous work [6] and aims to contribute to interoperability of 
library data by examining how BIBFRAME core classes and properties could be 
mapped to EDM according to different paradigms, such as those defined in the library 
metadata alignment report published in 2012 [8] and the EDM-FRBRoo application 
profile [18]. For both paradigms contextualized versions of the EDM using the 
ore:Proxy class [9] are considered, as well as non contextualized versions 
incorporating the BIBFRAME data directly to the edm:ProvidedCHO class.  
In the next section BIBFRAME and EDM conceptual models are briefly presented, 
while section 3 describes the methodology followed for the proposed mapping and 
provides a test case of seven library records. Section 4 presents proposed mappings 
between the two models following different scenarios and Section 5 discusses and 
concludes the derived results.  
2 Background 
Libraries typically describe their holdings using MARC format [7]. MARC records 
provide information regarding the physical copies held at a library to enable searching 
and locating on the shelves. On the occasion of the physical copy more information is 
added to each record, such as the intellectual content of the physical item, biblio-
graphic details regarding the publication process, custodial history, relationships be-
tween and among other bibliographic entities, subjects, etc. [2, 8]. The flat record 
structure in MARC presents many insufficiencies and has been criticized by experts 
and library-related international organizations [10–14]. Moreover it does not facilitate 
meaningful representation and interchange of bibliographic data in the semantic web 
environment.  
Library of Congress announced in 2011 [15] its decision to “experiment with Se-
mantic Web and linked data technologies to see what benefits to the bibliographic 
framework they offer our community and how our current models need to be adjusted 
to take fuller advantage of these benefits.” BIBFRAME is the new model that the 
Library of Congress develops within the context of the bibliographic framework initi-
ative. Its main classes are: Creative Work, Instance, Authority and Annotation [3]. 
The class Creative Work (or simply Work) reflects the “conceptual essence of the 
cataloguing item” [3]. The class Instance reflects “an individual, material embodi-
ment of the Work”. The class Authority is used to identify People, Places, and Organ-
izations involved in the creation or publication of a Work. For the expression of top-
ics, BIBFRAME Authority simply works as a linking mechanism to LC Subject Head-
ings published as linked data1. The class Annotation expresses comments made about 
a BIBFRAME Work, Instance, or Authority. Examples of BIBFRAME annotations 
are: library holdings, cover arts, sample texts, reviews, etc. (see Figure 1). 
  
Fig. 1. BIBFRAME model with Annotation for holding 
Europeana aggregates metadata about and enables access to digital cultural herit-
age resources provided by European memory institutions. Descriptions over Euro-
peana are made with Europeana Semantic Elements [16], a basic data model that uses 
Dublin Core’s 15 elements and other 12 additional elements. EDM has been devel-
oped for the better semantic expression of the cultural heritage descriptions that Euro-
peana data providers contribute. No community-driven standard was used as a basis 
for its development and the Semantic Web framework was taken into account [4]. 
EDM’s scope is wider than BIBFRAME’s; thus different semantics and abstraction 
layers are used. For each provider, EDM distinguishes between real provided CHOs 
and their digital representations, and between provided CHOs and their descriptions. 
Europeana collects only descriptions for objects having at least one web representa-
tion [4]. EDM provides three core classes, namely edm:ProvidedCHO (for provided 
Cultural Heritage Object), edm:WebResource (for the edm:ProvidedCHO digital rep-
                                                          
1 http://id.loc.gov/ 
resentations) and ore:Aggregation (for the aggregation of the activities made by the 
provider of the edm:ProvidedCHO). 
The alignment of EDM to library metadata is a work in progress. The library 
metadata alignment report published in 2012 [8] focuses on specific library materials 
(monographs, multi-volume works and serials), does not adopt current bibliographic 
records’ flat structure and adheres to linked data principles. A key point for the devel-
opment of the report was the separation of the item in hand (e.g. the book) from its 
edition which represents the entirety of all identical copies of the item. Despite the 
fact that the need for compliance with FRBR was recognized by the report, the con-
cept ‘edition’ was introduced as the union of FRBR Work, Expression and Manifesta-
tion entities and thus the desired compliance was postponed.  
 According to the report the ‘edition’ level information of the resource is represent-
ed by the edm:ProvidedCHO class, while the digital representation of the real world 
object is represented by the edm:WebResource class. The ore:Aggregation class links 
the description of the provided resource with its digital representations. 
EDM in order to contextualize harvested descriptions of the same CHO provided 
by different institutions utilizes the ore:Proxy class [17]. The added value of using 
proxies is that there will be only one edm:ProvidedCHO class instance for each Euro-
pean Heritage object along with multiple instances of the ore:Proxy class, provided 
by different providers. Hence a provider’s description (metadata) is assigned as prop-
erties at the ore:Proxy class (see Figure 2). It is worth mentioning that the ore:Proxy 
class was not considered by [8]. 
 
Fig. 2. Europeana data model with use of ore:Proxy 
The report on alignment of library data to EDM [8] concluded that it should be 
considered as a milestone and that it needed to be reviewed to “integrate the FRBR 
entities in EDM using FRBRoo terms”. This provision prompted the launch of the 
EDM-FRBRoo application profile Task Force in July 2012 which completed its activ-
ities in April 2013 announcing an application profile [18]. The Task Force in order to 
translate classes of the FRBR model to EDM, without the introduction of new special-
ized classes in EDM considered FRBR classes as skos:Concept class instances (Fig-
ure 3) and then, related edm:InformationResource classes with the FRBR vocabulary 
using the edm:hasType property. In Figure 3 an example of the translation of FRBR 
Group 1 Work and Expression entities as concepts in EDM is shown.  
 Fig. 3. FRBR Group 1 Work and Expression concepts expressed with EDM classes in the 
EDM-FRBRoo application profile [18] 
Transforming instances from BIBFRAME into EDM, with respect to the above al-
ternative frameworks, will examine key issues in interoperability between the two 
models, as well as will suggest semantic alignments between the intentions of the two 
models’ communities. 
3 Integration scenarios – requirements 
The methodology adopted in this work is a combination of the ones used in the Euro-
peana Libraries project [8] for the alignment of library metadata with the Europeana 
Data Model and the EDM – FRBRoo Application Profile Task Force [18]:  
1. Selection of specific type(s) of library material 
2. Definition of requirements for a BIBFRAME – EDM profile 
3. Selection of a real test case and bibliographic records 
4. Representation(s) of the test case in BIBFRAME  
5. Attempt for a BIBFRAME – EDM mapping following a path-oriented approach  
6. Mapping of BIBFRAME representations into EDM using different modeling pat-
terns described in the next paragraph.  
The most common library material type is monographs, and therefore this paper 
focuses on monographs and multivolume works. Different types of monographs in-
clude -but are not limited to- simple monographs, multipart monographs, derivations 
of a monograph such as translations, adaptations, etc, reproductions and aggregates. 
These categories of monographs are estimated in millions of records in WorldCat 
according to two studies performed in 2002 [22] and in 2011 [23]. The requirements 
for our BIBFRAME – EDM mappings are defined as follows: 
─ BIBFRAME – EDM mappings will be performed using different EDM modeling 
paradigms; namely the definitions of the Europeana Data Model for Libraries re-
port [8], use of ore:Proxy class as described in [17] (see Figure 2), use of 
edm:InformationResource class as used in [18] (see Figure 3) and concurrent use 
of the edm:InformationResource and ore:Proxy classes (see Figures 2 and 3).  
─ BIBFRAME is a linked data model. Therefore the BIBFRAME-EDM profile shall 
use Resource Description Framework syntax and shall support the use of URIs. 
─ The BIBFRAME-EDM mappings shall be flexible enough to enable meaningful 
representations for other types of library material. 
Cervantes’ “Don Quixote” has been selected as our test case, because it may ex-
emplify different types of monographs, as referred above, enabling complex represen-
tations in BIBFRAME and scrutiny of possible BIBFRAME-EDM mappings. There-
fore use of the “Don Quixote” case shall enable identification and study of representa-
tion issues in BIBFRAME for whole monograph categories, as well as their mapping 
into EDM.  
“Don Quixote” consists of two separate works: the first one entitled “El ingenioso 
hidalgo don Quixote de la Mancha” was published in 1605 and the second one enti-
tled “Segunda parte del ingenioso cauallero don Quixote de la Mancha” was pub-
lished in 1615. These two parts have been published, translated and reproduced after-
wards as independent volumes, as well as in a single volume. Moreover, there are 
many adaptations, as well as other works based on variations of the original work. 
Our test case consists of seven bibliographic records from the National Library of 
Spain and the Library of Congress that describe (i) the first editions of the two parts 
(denoted as ‘First part’ and ‘Second part’ respectively in Figure 4), (ii) the first edi-
tion that incorporated both parts (denoted as ‘Two parts’), (iii) a French translation of 
both parts (denoted as ‘French translation’), (iv) an English translation that was based 
on the former French one (denoted as ‘English translation’), (v) an annotated edition 
of both parts by the Cervantes Institute (denoted as ‘Annotated edition’) and (vi) a 
CD-ROM (denoted as ‘CD-ROM’) that compiled the annotated edition’s text with a 
linguistic database developed on this content. The linguistic database is also repre-
sented in BIBFRAME and EDM representations. It must be noted that some of the 
mentioned records are the same to the ones used by the EDM-FRBRoo Application 
profile task force [18]. Yet, we selected a few additional records from the National 
Library of Spain and the Library of Congress to study specific representation cases, 
such as reproduction and aggregates. 
 Fig. 4. BIBFRAME representation of the “Don Quixote” test case 
In BIBFRAME every record from our sample corresponds to a bf:Work class 
linked with the respective embodiment Instance or subclass of Instance (e.g. 
bf:Monograph). Thus, eight individual works are generated to represent the intellec-
tual content of the two independent volumes, the single volume publication for both 
parts, its translations in English and in French, the Cervantes Institute’s annotated 
edition, the linguistic database derived from the Cervantes’ annotated edition and the 
CD-ROM containing (bf:contains) both the Cervantes’ edition with the linguistic 
database (Figure 4). The relationships between the parts are implemented using the 
partOf relation of the Work class. All instances, except the CD-ROM, are digitized 
(bf:heldMaterial class with a bf:electronicLocator property) and may be openly ac-
cessed online. 
Mapping between distinct models that serve different purposes is not a straightfor-
ward issue. Therefore we decided to elucidate the semantics of each model and of 
their mappings following a path-oriented approach [19–21]. Paths are defined as se-
quences of “domain class – property – range class” statements and enhance compre-
hensibility of each model’s semantics. The paths of the source model (in our case 
BIBFRAME) are mapped to semantically equivalent paths of the target model (in our 
case EDM).  
Mappings between BIBFRAME and EDM follow different paradigms that may 
serve distinct library organizations’, collections’ or end-users’ requirements. At first 
the Don Quixote’s test case BIBFRAME representation is mapped to the EDM apply-
ing the definitions expressed in the EDM library data alignment report [8]. Then the 
contextualization of CHOs’ ingested descriptions is examined with the use of the 
ore:Proxy class as defined in [17]. Examining the transformation of BIBFRAME to 
EDM with use of the edm:InformationResource class follows. This alternative map-
ping is based upon the pattern used in the EDM-FRBRoo application profile [18], 
highlighted in section 2. The final scenario examined is concurrent use of 
edm:InformationResource and ore:Proxy classes (Figures 2 and 3). 
4 Mapping BIBFRAME to EDM 
Europeana aggregates descriptions of CHOs in digital form only. In BIBFRAME the 
existence of a library object that is in digital form and therefore may be aggregated by 
Europeana is expressed by the following path “Work –hasInstance – Instance - ha-
sAnnotation - heldMaterial - electronicLocator – URI”. In this paper’s framework this 
path is considered the basic BIBFRAME path from which four different mappings to 
EDM are attempted. It is worth mentioning that in case where EDM is used as the 
conceptual model for an information integration system and not for aggregating de-
scriptions in the Europeana portal, the basic BIBFRAME path might be slightly dif-
ferent due to the inclusion of non digital materials. This paradigm is out of the scope 
of this work and is suggested as a further extension to these mappings.   
4.1 Mapping according to the EDM library data alignment report  
The EDM library data alignment report was published in 2012 with the aim to “de-
scribe how library metadata can be aligned with the EDM” [8]. This report referenced 
the FRBR WEMI [1] entities (Work, Expression, Manifestation, Item) but did not 
achieve a one-to-one mapping to EDM classes. Yet it introduced the concept of “edi-
tion” to include “all information concerning the Manifestation, Expression and Work 
entities” and defined that the edm:ProvidedCHO class is at this “edition level”. The 
edm:WebResource class is defined in this report’s framework as the “digital represen-
tation of an item”. 
In BIBFRAME information regarding the intellectual content and its expression 
(Work and Expression entities in FRBR) is at the Creative Work class level. Infor-
mation regarding the publishing product/object is at the FRBR Manifestation level 
and is expressed in BIBFRAME through the Instance class. Holdings (Items in 
FRBR) are stated through the following path “Instance - hasAnnotation – heldMateri-
al - …”. Therefore the basic BIBFRAME path may be mapped to EDM as Figure 5 
demonstrates.  
The path “Work –hasInstance – Instance” is mapped to a single ProvidedCHO in-
stance, and selected properties from the bf:Work and bf:Instance could be mapped to 
similar ProvidedCHO properties. Existence of the basic BIBFRAME path justifies an 
instantiation of the edm:WebResource class, with id the URI from the BIBFRAME 
path. For more details describing this paradigm see our previous work in [6].  
 Fig. 5. Mapping of the basic BIBFRAME path to core EDM classes, according to the library 
metadata alignment report [8] 
4.2 Use of ore:Proxy class 
As already mentioned, EDM uses the ore:Proxy class to contextualize the CHOs’ 
harvested descriptions. Thus descriptions (metadata) submitted by different organiza-
tions will be preserved with use of the ore:Proxy class. In this case the BIBFRAME 
“Work –hasInstance – Instance” path is mapped to a single ore:Proxy class instance. 
It must be noted that any relationships between BIBFRAME Work class instances will 
be most likely mapped to ore:Proxy class instances and not to edm:ProvidedCHO 
class instances. Similarly to the previous mapping approach, the BIBFRAME path 
describing a born-digital or digitized library object justifies an instantiation of the 
edm:webResource class, with id the URI from the BIBFRAME path (Figure 6).   
 
Fig. 6. Mapping of the basic BIBFRAME path to core EDM classes using the ore:Proxy class 
4.3 Use of edm:InformationResource class 
EDM was developed as community agnostic model. It serves as the model to aggre-
gate descriptions of digital representations of CHOs mainly for the Europeana portal, 
while BIBFRAME serves as a model for describing library materials according to the 
library community objectives. EDM-FRBRoo profile [18] was developed to fulfill the 
need expressed in [8] for integration of FRBR semantics in EDM using FRBRoo [2] 
terms. 
In this EDM – FRBRoo Application Profile more FRBR semantics may be ex-
pressed for an instance of the edm:ProvidedCHO class, as described in section 2. 
FRBR Works -and respectively Expressions- are represented by the path 
“edm:InformationResource – edm:hasType – frbr:Work”. As depicted in figure 7, we 
propose BIBFRAME Work to be mapped to the edm:InformationResource class typed 
as bf:Work, where bf:Work is a skos:Concept instance related to 
edm:InformationResource by the edm:hasType property. Therefore a BIBFRAME 
Work is mapped to the “edm:InformationResource – edm:hasType – bf:Work” EDM 
path. Instance reflects “an individual, material embodiment of the Work” is mapped 
to the edm:ProvidedCHO. It must be noted that since in this mapping there exists a 
higher level of abstraction (edm:InformationResource class) mapped to the bf:Work 
class all relationships between Works in BIBFRAME are going to be expressed be-
tween the respective edm:InformationResource instances.  
The transformation of the BIBFRAME representation (see Figure 4) of the “Don 
Quixote” test case to EDM using typed edm:InformationResource class is presented 
in Figure 8 proving that successful mapping may be achieved for core BIBFRAME 
classes and properties. This scenario may support translation of different BIBFRAME 
paths besides the basic one defined earlier. The CD-ROM object along with the lin-
guistic database are not available online and are represented at a more abstract level, 
as edm:InformationResource class instances.  
Fig. 7. Mapping of the basic BIBFRAME path to EDM using typed edm:InformationRecource 
class 
4.4 Use of edm:InformationResource and ore:Proxy classes 
In order to maintain and preserve information regarding the conceptual content in-
cluded in provided CHOs along with different providers’ views the scenario of using 
both edm:InformationResource and ore:Proxy classes was identified. In this case a 
BIBFRAME Work class instance is mapped to the “edm:InformationResource – 
edm:hasType – skos:Concept – bf:Work” EDM path instance, while a BIBFRAME 
Instance class instance is mapped to an ore:Proxy class instance (Figure 9). 
Fig. 8. “Don Quixote” test case in EDM using typed edm:InformationRecource class 
Fig. 9. Mapping of the basic BIBFRAME path to EDM using the edm:InformationRecource 
and ore:Proxy classes 
5 Discussion and Conclusions 
Libraries are expected to engage in interoperability-related activities to enable inte-
gration of their bibliographic data into the Semantic Web and their re-use by third-
party services. This prospect has motivated our work to attempt translating 
BIBFRAME conceptualization in the Europeana framework using EDM classes and 
properties. The mapping of BIBFRAME core classes and properties to EDM has been 
developed taking into consideration different scenarios expressed as alternative EDM 
representations; use of the library data alignment report that introduced the “edition” 
concept [8], use of ore:Proxy class that preserves context of CHOs’ ingested descrip-
tions, use of edm:InformationResource class according to the EDM-FRBRoo applica-
tion profile and concurrent use of edm:InformationResource and ore:Proxy classes to 
better express BIBFRAME semantics and preserve providers’ view (descriptive 
metadata) about the holdings-CHOs they provide to Europeana.  
In our mapping a path approach was adopted to avoid possible semantic misinter-
pretations. Use of source and target paths furnished explicit semantic expressions and 
mappings between the source BIBFRAME and the target EDM data models, as de-
fined in models’ current specifications. Mapping was attempted between a basic 
BIBFRAME path and the EDM alternative representations. A basic BIBFRAME path 
was defined in order to satisfy Europeana’s focus on born-digital or digitized CHOs 
available online. BIBFRAME “Work –hasInstance – Instance - hasAnnotation - 
heldMaterial - electronicLocator – URI” paths of the “Don Quixote” test case were 
successfully mapped to all possible EDM representation alternatives, proving that 
various modeling requirements may be satisfied. In case where EDM is used as the 
conceptual model for an information integration system and not only for aggregating 
descriptions in the Europeana portal, the above mappings of the BIBFRAME paths 
require further investigation in order to incorporate descriptions of non digital materi-
als utilizing among others the edm:PhysicalThing class. 
This is a preliminary work regarding mapping of the core BIBFRAME classes and 
properties to EDM. More investigations are needed to include more paths and to pro-
vide a full application profile. Both models are evolving since BIBFRAME is under 
development and EDM is regularly updated. Therefore a future application profile 
should take into account possible changes in each model’s semantics. Besides the fact 
that “Don Quixote” may be considered as a representative example for whole catego-
ries of monographs, additional tests need to be performed with a larger set of biblio-
graphic records that will also include more types of aggregates, as well as other types 
of library materials, such as serials, cartographic material, ephemera, collections, 
graphic material, etc.  
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